Mechanism of phenylalanine regulation of phenylalanine hydroxylase.
The mechanism of phenylalanine regulation of rat liver phenylalanine hydroxylase was studied. We show that phenylalanine "activates" phenylalanine hydroxylase, converting it from an inactive to active form, by binding at a true allosteric regulatory site. One phenylalanine molecule binds per enzyme subunit; it remains at this site during catalytic turnover and, while there, cannot be hydroxylated. Loss of phenylalanine from the site causes a loss of enzymatic activity. The rate of loss of activation is dramatically slowed by phenylalanine, which kinetically "traps" activated enzyme during relaxation from the activated to unactivated state. An empirical equation is presented which allows calculation of relaxation rates over a wide range of temperatures and phenylalanine concentrations. Kinetic trapping by phenylalanine is a novel effect. It was analyzed in detail, and its magnitude implied that phenylalanine activation involves cooperativity among all four subunits of the enzyme tetramer. A regulatory model is presented, accounting for the properties of the phenylalanine activation reaction in the forward and reverse directions and at equilibrium. Fluorescence quenching studies confirmed that activation increases the solvent accessibility of the enzyme's tryptophan residues. Physical and kinetic properties of purified phenylalanine hydroxylase from rat, rabbit, baboon, and goose liver were compared. All enzymes were remarkably alike in catalytic and regulatory properties, suggesting that control of this enzyme is similar in mammals and birds.